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Abstract  
Nano size ZrO2 dispersed in Al2O3/ ZrO2 composite ceramics have been fabricated by chemical routes for the 
improvement of mechanical properties. In case of mechanical mixing of Al2O3 with ZrO2 powder homogeneous 
dispersion and controlling the ZrO2 size were relatively difficult during sintering. So hydrolysis method for 
preparing zirconium hydroxide from ZrOCl2· 8H2O and Y(NO3)3·6H2O directly with commercial sub-micron sized 
α-alumina (Sumitomo:AES-11(0.5ໃ)) was adapted, and by this method ZrO2 distribution was more uniform than 
mechanical mixing. But because of the relatively high sintering temperature of Al2O3 ceramics, dispersed ZrO2 
particles grown up to 200 to 500 nm at sintering temperature of 1500~1600ଇ. So in order to decrease the sintering 
temperature of Al2O3/ZrO2 ceramics, high purity α-alumina (Taimei Chemical (0.22ໃ)) was used and dispersed 
ZrO2 particle size could be controlled below 200 nm at sintering temperature of 1400~1500ଇ. 
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ช. Introduction 
It has been well known that by dispersing the ZrO2 as particles the mechanical properties of 
Al2O3 ceramics could be far improved than monolithic Al2O3. But because ZrO2 could inhibit the 
sintering of Al2O3, homogeneous distribution of ZrO2 was very important so that several 
methods for homogeneous dispersion was widely investigated. In contrast to mechanical mixing 
of commercial Al2O3 with ZrO2 powder, by coprecipitation of AlCl3 and ZrOCl2 uniform 
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distribution could be achieved. But due to the intra-granule dispersion of ZrO2 mechanical 
properties could not be improved so much.  
To improve the homogeneous dispersion of ZrO2 without decreasing sinterability, 
precipitation of ZrO2 only directly to commercial Al2O3 powder was investigated so that nano 
size distribution of ZrO2 could be achieved more easily and accordingly high mechanical 
properties was obtained. And it has been well known that hydrolysis could make nano size ZrO2 
powder better than coprecipitation method. So in this experiment distribution of nano size ZrO2 
by hydrolysis was adapted using ZrOCl2 and Y(NO3)3 which directly adhered to surface of 
commercial sub-micron sized ¢-alumina (Sumitomo : AES-11(0.5 ໃ)) and high purity ¢-
alumina (Taimei Chemical (0.22ໃ)) was also used for low temperature sintering.  
 
ซ. Experimental Procedure 
Two kinds of commercial Al2O3 have been used. For easy sinterable alumina, sub-micron 
Al2O3 (Sumitomo AES-11, 0.5ໃ) was used and high purity alumina (Taimei, 0.22ໃ) was also 
used low temperature sintering. ZrOCl2·8H2O, Y(NO3) 3·8H2O, and AlCl3·9H2O were used as 
starting raw materials for hydrolysis. At first for breaking the aggregates and homogeneous 
dispersion of Al2O3 powder, attrition milling was conducted for 5hrs in water. And after adding 
15 mole % of the solution of zirconium oxychloride with 3 mole % yttrium nitrate to Al2O3 
powder, the slurry was hydrolysised at 90ć for 24 hours so that zirconium hydroxide should be 
adhered to Al2O3 surface. And finally the pH value was kept above 9.5 using ammonia in order 
for filteration and hydrolysised products were washed repeatedly to remove Cl- followed by 
drying by Acetone-Toluene-Acetone method. The resulting powder was calcined at 900ć for 
2hrs and to avoid the formation for hard agglomerate, the powder were attrition milled for 2 hrs. 
After adding the binder (0.2wt% PVA + 0.2wt.% PEG) the powder were granuled by sieving and 
uniaxially dry pressed at 50Mpa to bar specimens, followed by cold isostatic pressing at 200Mpa. 
The green compacts were sintered at 1350 to 1650ć for 3 hours. After sintering the density of 
specimens was determined by water displacement method, and microstructures were examined 
using SEM (XL30S, Philips). 
 
ฌ. Result and Discussion 
Fig.1 shows the primary crystalline particle size as a function of pH in hydrolysised zirconium 
hydroxide. Reducing pH at hydrolysis process could decrease the primary crystalline particle 
size, but it was difficult when removing Cl- below pH about 8. So pH was adjusted to more than 
9.5 during hydrolysis process. Fig.2 shows TEM morphology of primary crystalline particle 
shape of zirconium hydrolysised at pH 9.5. Fig.3 a) shows the adhered ZrO2 primary crystalline 
particle to Al2O3 by TEM and it’s granuled shape by SEM is shown in Fig.3 b). It could be seen 
that some agglomeration could not be avoided, but distribution was relatively uniform. Fig.4 a) 
shows the sintered densities of Al2O3-10vol.% ZrO2 specimens from hydrolysis fired at 1600ć 
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for 3 hrs.. When the pH after hydrolysis was low, primary particle size was small but due to the 
difficulty of removal Cl ion, the specimen was poorly sinterable. The sintered densities of Al2O3-
10vol.% ZrO2 specimens according firing temperature was shown at Fig.4 b) when using AES-
11 Al2O3 and Fig.6 a) when using TAM Al2O3. And their microstructures were shown at Fig.5 
and Fig.6 b).  
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Fig.1. Primary crystalline particle size      Fig.2 Primary crystalline particle shape of  
as a function of pH in hydrolysised  hydrolysised Zr hydroxide at pH 9.5. 
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a) b) 
Fig.3. The particle shape of adsorped ZrO2 to Al2O3 by hydrolysis. a) Observed by TEM and b) 
granuled shape by SEM 
 
 
 
 
 
 
 
 
 
                 
 
 a)                                                            b) 
Fig.4. a) The sintered density of Al2O3-10vol%ZrO2 specimens as a function of pH after 
hydrolysis. Fired at 1600ଇ for 3hrs and b) as a function of firing temperature 
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a)                                            b) 
Fig.5. SEM micrographs of sintered Al2O3-10vol%ZrO2 specimens fired at 1600ć for 3 hrs.. 
a) Mechanically mixed specimen and b) hydrolysised ZrO2(+3Y2O3) with Al2O3(AES-11) ,  
 
 
 
 
 
 
 
 
 
a)                                                                     b) 
Fig.6. a) The relative density of Al2O3(TAM)-10vol%ZrO2 specimens as function of sintering 
temperature and b) it’s microstructure sintered at 1500ć for 3 hrs. 
 
IV. Conclusions 
1) In contrast to mechanical mixing of Al2O3 with ZrO2, by hydrolysis of ZrOCl2/Y(NO3)3 with 
¢-Al2O3 powder homogeneous dispersion of ZrO2 was obtained, but ZrO2 grain growth was 
occurred due to high sintering temperature.  
2) By small addition of AlCl3 to ZrOCl2/Y(NO3)3 the sinterability of the Al2O3/ZrO2(Y2O3) 
ceramics could be improved. 
3) By using the high purity ¢-Al2O3 of primary particle size of 0.2ໃ, nano size ZrO2 could be 
homogeneously dispersed due to low sintering temperature. 
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